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1. A packing rinj segment for use in forming a labyrinth 



fluid turbine includes 
diaphragm stationarily 



bounded by a sfiroud and 
steam directing nozzles 
a body portion for 
and having a longitudin 
horizontal extent, and 



seal with a turbine shaft rotatably mounted within the casing of an 
axial flow elastic fluii turbine, wherein said axial flow elastic 

at least one stage having (i) at least onj 
nounted in said casting and having a 
plurality of steam directing nozzles, and (ii) a rotor fixedly 
attached to said turbin^ shaft and having a plurality of blades 

disposed adjacent to said plurality of 
said packing ring segment comprising: 
mounting within a portion of said diaphragm 
1 extent, a vertical extent, and a 
tleing particularly adapted for mounting in a 
portion of said diaphragm, said body portion having a groove formed 
along said vertical extent and extending along said longitudinal 



extent; and 

a plurality of bru 



h segments mounted within said groove of 



said packing ring segment, each said brush segment having a packet 
of bristles with said tristles having tip portions trimmed to 
terminate along a radiiis of curvature continuously extending along 
the longitudinal extent of said body portion so as to form a 
labyrinth seal with sajid turbine shaft, and 

each said bristle being disposed in a plane substantially 
parallel to the principal plane of said rotor and extending in the 
direction of rotation! of- said turbine shaft. 



2. The packing ring segment of clayfi 1, wherein the bristles 
within each said bristle ^fcam^ai- are bound between a pair of plates 
having an incised channel to receive ythe base end portion of said 
bristles . 



2" 

it /f claim^^ wherein said plates 



3. The packing ring 
of each- said brush segment/ha>*&-^bottom edge surface with a radius 
of curvature adapted to/conform to the radius of curvature of said 
groove formed in sai^r vertical portion. 

n/ 

36 




4. The packing ring sey^fflj^ht of claim 1, wherein the bristles 
within each said brush segmf^^aT^ bound within a. channel by a core 
strip securing said bristleysMffthin said channel. 
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leakage between rotating and stationary components and utilizing 




An elastic fluid turbine employing seals to minimize 



the combination of a segmented seal ring supported by and at least 
partially contained in an annular groove formed in a stationary 
casing to permit motion of said seal ring between a large diameter 
position and' a small diameter position corresponding respectively 
to large and small clearance of said seal ring with regard to the 
rotating shaft said seal ring groove being partially defined by a 
pair of opposing, spaced apart shoulders on said casing which form 
an opening of said groove extending radially into the clearance 
area between said casing and said rotating shaft, said turbine 
including at least one stage having (i) at least one diaphragm 
stationarily mounted in said casing and having a plurality of steam 
directing nozzles, and (ii) a rotor fixedly attached to said 
turbine shaft and having a plurality of blades bounded by a shroud 
and disposed adjacent to said plurality of steam directing nozzles, 

each segment of said seal ring including an inner arcuate 
portion having seal teeth extending therefrom in the direction of 
and adjacent to said rotating shaft a radially outwardly facing 
arcuate surface on said seal ring segment which is located opposite 
to a radially inward facing arcuate surface on said casing for 
limiting said large clearance position by contact between said 
opposing surfaces, an outer ring portion disposed within said seal 
ring groove for both axial and radial movement therein and having a 
pair of shoulders extending axially in opposite directions for 
making radial contact respectively with said pair of spaced apart 
shoulders on said casing and thereby limiting said small clearance 
position; 

a neck portion connected between said inner arcuate pqrtion 
and said outer ring portion and extending between said casing 
shoulders, said neck portion having an axial thickness which is 
less than the distance between said opposing casing shoulders to 
thereby axially locate said seal ring segment against one of said 
casing shoulders and provide a contact pressure seal at the said 
side of said neck portion which is subject to lower turbine fluid 
pressure; 
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1 a radial positioning means comprising a spring against said 

fl 2 ring segments to forcibly cause sai^?^mOTe to said large 
— h 

^ 3 clearance position contacts, while working fluid which^>s** flows 

4 into the annular space between said casing and said ring 

^5 segments ^ill -urge5said segments toward said small clearance 

6 position, whereby at low .speed and small turbine loads the spring 

7 forces wilt predominate, while at high flows and high working fluid 

8 pressure the pressure forces will predominate; 

9 each of said ring segments comprising: 

10 a body portion for mounting within a portion of said diaphragm 

11 and having a longitudinal extent, a vertical extent, and a 
■Q 

£2 horizontal extent, and being particularly adapted for mounting in a 

¥ Z 

iB portion of said diaphragm, said body portion having a groove formed 

47 

W4 along said vertical extent and extending along said longitudinal 

fy 

-15 extent; and 

p£ * a plurality of brush segments mounted within said groove of 

; ij7 said packing ring segment, each said brush segment having a packet 

|? of bristles with said bristles having tip portions trimmed to 

ft terminate along a radius of curvature continuously extending along 

20 the longitudinal extent of said body portion so as to form a 

21 labyrinth seal with' said turbine shaft, and 

22 each said bristle being disposed in a plane substantially 

23 parallel to the principal plane of- said rotor and extending in the ' 

24 direction of rotation of said turbine shaft. 

6. The fluid turbine sflsal arrangement as recited in claim 5, 

2 wherein said radial positioning means includes a flat spring 
^ interposed between said ca^yig shoulders and an inner surface of 

said outer ring portion oil s'aid ring segment. 
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The fluid turbine seal arrangement as recited in claim^gf 
wrferein said inner arcuate portion of said seal ring segment 
comprises an inner ring portion connected at one side to said neck 
portion and includes said radially outward facing arcuate surface 
for limiting said large clearance position by said contact with 
said casing surface said inner ring portion having said seal teeth 
extending therefrom. 

^ The fluid turbine seal arrangement as recited in claiin^^ 

where in said inner ring portion extends substantially \f orm *)said 
neck portion axially in both directions such* that said inner ring 
portion is substantially wider than said neck portion and has said 
seal teeth extending therefrom radially into said clearance area. 

*[Jt^ The fluid turbine seal arrangement as recited in claim^f 
wherein said radially outwardly facing arcuate surface in said seal 
ring segment which is located opposite to a radially inward facing 
arcuate surface of said casing comprises the radially outward 
facing surfaces of said inner ring portion. 
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A packing ring - for use in forming a seal with a /turbine 



shaft rotatably mounted within the casing of an axial f/ow elastic 
fluid turbine, .wherein said axial flow elastic fluid tiarbine 
includes at least one stage having (i) at least one ^diaphragm 



stationarily mounted in said and having a r/Lurality of 

steam directing nozzles, and (ii) a rotor fixedly/attached to said 
turbine shaft and having a plurality of blades bounded by a shroud 
and disposed adjacent said plurality of steam greeting nozzles, 
said packing ring comprising a plurality of packing ring segments, 
each said packing ring segment being mounted/in a groove 
circumferentially in said diaphragm for foming a seal with said 
turbine shaft; / 

each said packing ring segment including 

a body portion for mounting within/ said circumferentially 
formed groove and having a longitudinal extent, a vertical extent, 
and a horizontal extent, and being particularly adapted for 
mounting in a portion of said diapmragm, said body portion having a 
brush mounting groove formed alonjg said vertical extent and 
extending along said longitudinal extent; and 

a plurality of brush segments mounted within said brush 
mounting groove of said packing ring segment, each said brush 
segment having a packet of bristles with said bristles having tip 
portions trimmed. to terminate along a radius of curvature adapted 
to form a steam seal, witly said turbine shaft, and 

each said bristle aeing disposed in a plane substantially 
parallel to the principal plane of said rotor and extending in the 
direction of rotation^ of said turbine shaft; and 

each segment of said seal ring comprising: 

an inner arcu4te portion having seal teeth extending therefrom 
in the direction/of and adjacent to said rotating shaft a radially 
outwardly facing arcuate surface on said seal ring segment which is 
located opposite to a radially inward facing arcuate surface on 
said casing/for limiting said large clearance position, by contact 
between said opposing surfaces, an outer ring portion ^disposed 
within said seal ring groove for both axial and radial movement 
therein/ and having a pair of shoulders extending axially in 
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opposite directions for making radial contact respectively with 
said pair of spaced apart shoulders on said casing and thereby 
limiting said small .clearance position; 

a neck portion connected between saifl inner arcuate portion 
and said outer ring portion and v extendi/g between said casing 
shoulders, said neck portion having an/ axial thickness which is 
less than the distance between said/6pposing casing shoulders to 
thereby axially locate said seal /ing segment against one of said 
casing shoulders and provide a /ontact pressure seal at the said 
side of said neck portion whi^n is subject to lower turbine fluid 
pressure; and 

a radial positioning yfneans -comprising a spring against said 
ring segments to forcibl/ cause said to move to said large 
clearance position contracts, while working fluid which is flows 
into to the annular space between said casing and said ring 
segments will urge sfeid segments toward said small clearance 
position, . whereby At low speed and small turbine loads the spring 
forces wilt predominate, while at high flows and high working fluid 
pressure the pressure forces will predominate; 

J*a. The packing ring' of claim X%f t wherein the bristles within 
each said bristle cdgmon -fe are bound between a pair of plates having 
an incised channel to receive the base end portion of said 
bristles . 

yi. The packing ring of claim J/l, wherein said plates of each 
said brush segment have a bottom edge surface with a radius of 
curvature adapted to conform to the radius of curvature of said 
groove formed in said vertical portion. 



5 



1 The packing ring of claim wherein the bristles within 

each said brush segment are bound within a channel by a core strip 
securing said bristles within said channel. 
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The packing ring of claim J^T, wherein said channel has a 
bottom edge surface with a radius of curvature adapted to conform 
to the radius of curvature of said groove formed in said vertical 
portion. 
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15. An axial flow/ elastic fluid turbine comprising: 
an outer casting; 
a turbine shaft rdtatably supported in said outer casting; and 
a plurality of turbine stages installed along said turbine 
shaft and contained wijhhin said outer casting, each said turbine 
stage including 

a diaphragm Istationarily mounted in a recess formed in 
said turbine casting pnd having a plurality of steam directing 
nozzles, 

a rotor fixedly attached to said turbine shaft and having 
a plurality of bladep bounded by a shroud band and being disposed 
adjacent said plurality of steam directing nozzles, and 

a packing /ring consisting of an arrangement of packing 
ring segments mounted in a circumf erentially extending groove 
formed in said diaphragm and providing a continuously extending 
seal with said turpine, 

each said paaking ring segment including 

a body portion for mounting within said circumf erentially 

formed groove anal having a longitudinal extent, a vertical extent, 

and a horizontal/ extent, and being particularly adapted for 

mounting in a portion of said diaphragm, said body portion having a 
\ / 

brush mounting groove formed along said vertical extent and 
extending along said longitudinal extent; and 

a plurality of brush segments mounted within said brush 
mounting groove of said packing ring segment, each said brush 
segment havini a packet of bristles with said bristles having tip 
portions trimmed to terminate along a radius of curvature adapted 
to form a steam seal with said turbine shaft, and 

each sajfld bristle being disposed in a plane substantially 
parallel to J the principal plane of said rotor and extending in the 
direction c/f rotation of said turbine shaft. 
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The axial flow elastic fluid turbine of claim Jtf&l wherein 
the bristles within each said bristle *s a§i t rentr are bound between a 
pair of plates having an incised channel to receive the base end 
portion of said bristles. 



0 



■II 



^3r7 . The axial flow elastic fluid turbine of claiml^ wherein 
said plates of each said brush segment have a bottom edge surface 
with a radius of curvature adapted to conform to the radius of 
curvature of said groove formed in said vertical portion. 

J J° 

>C. The axial flow elastic fluid turbine of claim wherein' 
the bristles within each said brush segment are bound within a 
channel by a core strip securing said bristles within said channel. 

is J* ■ 

J/9. The axial flow elastic fluid turbine of claim^rtC wherein 
said channel has a bottom edge surface with a radius of curvature 
adapted to conform to the radius of curvature of said groove formed 
in said vertical portion. 

20. The axial flow elastic fluid turbine as recited in claim 
15, wherein said radial posLCi<5ning means includes a flat spring 
interposed between said ca^i/ng shoulders and an inner surface of 
said outer ring portion >6f^aid ring segment. 




21. The axial flow elastic fluid turbipe as recited in claim 
15, wherein said inner arcuate portion or said seal ring segment 
comprises an inner ring portion con#£cted at one side to said neck 
portion and includes said radj^arfly outward facing arcuate surface 
for limiting said large c>e"arance position by said contact with 
said casing surface s^ald inner ring portion having said seal teeth 
extending therefr^e 
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i ^ The axial flow elastic fluid turbine as recited ia claim 

^2 ^i^where in said inner ring portion extends substantially rjun *^ 

3 said neck portion axially in both directions such" that said inner 

4 ring portion is substantially wider than said neck portion and has 

5 said seal teeth extending therefrom radially into said clearance 

6 area. 

ft ■ 

1 i^^- Tn e axial flow elastic fluid turbine as recite'd in claim 

2 r^^ f wherein said radially outwardly facing arcuate surface in said 

3 seal ring segment which is located opposite to a radially inward 
^4 facing arcuate surface of said casing comprises the radially 

f& outward facing surfaces of said inner ring portion. 
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^■24. A packing ring/ segment for use in forming a labyrinth 
seal with a turbine shatft rotatably mounted within the casing of 
an axial flow elastic ffluid turbine, wherein said axial flow 
elastic fluid turbine includes at least one stage having (i) at 
least one diaphragm stptionarily mounted in said casting and having 
a plurality of steam directing nozzles, and (ii) a rotor fixedly 
attached to said turbine shaft for rotation about an axis of 
rotation and having al plurality of blades bounded by a shroud band 
disposed within a principal plane of said rotor and adjacent said 
plurality of steam directing nozzles, said packing ring segment 
comprising: 

a body portion/ for mounting within a portion of said diaphragm 
and having a longitudinal extent, a vertical extent, and a 
horizontal extent, /and being particularly adapted for mounting in a 
portion of said doiaphragm, said body portion having a groove formed 
along said vertical extent and extending along said longitudinal 
extent; and 

a plurality /of brush segments mounted within said groove of 
said packing rinfr segment, each said brush segment having a packet 
of bristles with/ said bristles having tip portions trimmed to 
terminate along la radius of curvature continuously extending along 
the longitudinal extent of said body portion so as to form a 
labyrinth seal /with said turbine shaft, and 

each said/bristle being disposed at an acute angle with 
respect to the! principal plane of said rotor. 

The packing ring segment of claim 2Q, wherein the 

bristles within each said bristle, segmpnt' are bound between a pair 
of plates having an incised channel to receive the base end portion 
of said bristles. ^ 

n 

The packing ring segment of claim >l, wherein said plates 



of each said brush segment have a bottom edge surface with a radius 
of curvature adapted to conform to the radius of curvature of said 
groove formed in said vertical portion. 



9^ 2^ The packing ring segment of claim^0^w] 



wherein the 



bristles within each said brush segment are bound within a channel 
by a core strip securing said bristles within said channel. 




^ft> . A turbine or compressor £Ojjprising at least one packing 
segment as defined by claim 




0-^ 



47 



